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Introduction
Vertebral stabilization with pedicle screws is currently considered

the gold standard for many conditions, such as degenerative, traumatic
and oncologic pathologies of the spine [1].

The need for a more accurate surgical technique has led, during the
years, to the research of methods and technical aids in order to reach
the most accurate and safe pedicle screw placement, for clinical and
medico-legal reasons.

The estimated screw misplacement rate varies in the literature in a
range from 6 to 31% with the free-hand technique and from 15 to 72%
with the fluoroscopic guided technique, the two most widespread
techniques [2-7].

Recently, many different systems have been developed in order to
help the spinal surgeon in the placement of pedicle screws, and to
reduce the incidence of misplacement. The most used system is surely
the neuronavigator [8]. Widely known and applied in oncologic brain
surgery, its use is increasingly widespread also in spine surgery. A
preoperative surgical planning is performed on the basis of a thin slice
CT scan, with a margin of error starting from 0.5 mm.

Despite its high cost, today a neuronavigator is available in the
majority of neurosurgical departments.

Another device, currently in the preliminary phase of use, is the
robotic arm [9]: it has to be fixed on the patient or to the surgical table
and, basing on the preoperative planning, provides the planned
orientation for the pedicle probe both for open and for percutaneous
procedures. The use of this instrument is still limited, because of its
recent commercialization and its high cost.

3-D printed guides
Alternative devices of recent introduction are the 3D-printed

tubular guides, realized in a customized manner with 3D printers on a
preoperative thin slice CT scan. Their aim is to orient and guide in a
precise fashion the placement of the screw in the pedicle.

The first step is the radiological study. A thin slice CT scan
involving the vertebrae that need to be instrumented is performed.
After that, the study is uploaded on an digital platform, where
specifically trained engineers elaborate a graphic study in a three-
dimensional environment, including a 3D model of the patient’s spine
anatomy and preoperative planning with precise identification of the

pedicle entry point, screw position and screw dimensions (diameter
and length).

The surgeon, constantly connected with the digital platform of the
producing firm, can modify each parameter of the planning, varying
the trajectory of insertion, incrementing or reducing the diameter
and/or the length of the screws, according to personal preferences,
until he decides a final planning.

Figure 1: The 3-D printed tubular guide applied into the surgical
wound.

With the data contained in the final version of the planning, the
tubular guides and a 3D model of the involved vertebrae are printed
with a 3D printer (Figure 1). The 3D vertebral model is used by the
surgeon to identify the anatomic landmarks where the tubular guides
are in contact with the patient’s vertebra, carefully exposed and
isolated during surgery.

The tubular guides have contact points on the spinous process, the
pars interarticularis and the transverse process. Therefore the surgical
exposure of those anatomical landmarks has to be extremely accurate
to allow a correct contact between the tubular guides and the vertebrae
(Figure 2).

Once the involved vertebrae and the aforementioned landmarks
have been exposed, the surgeon places the tubular guides on the
vertebra and, with different instruments and adapters, places the
screws in the planned position (Figure 3). During the procedure the
surgeon can, at any moment, change the dimensions of the screws
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(diameter and length) or convert the intervention to the classical
technique.

Figure 2: The 3D-printed tubular guide applied into the surgical
wound.

Figure 3: The 3-D printed tubular guide and the 3-D model of L3
vertebra.

The system does not require the use of intraoperative fluoroscopy to
place the screws, but it is advisable, in the first uses of those guides, to
perform an initial fluoroscopic check, in order to assess the correct
placement of instruments and screws.

Advantages and disadvantages
The main advantage offered by this device, is the level of accuracy

in pedicle screw placement, with a maximum margin of error of 0.5
mm, corresponding to the minimum margin of error of the common
neuronavigation techniques. So, the screw placement can be
considered “safe”. Furthermore, this level of accuracy is absolutely
useful for patients with spinal deformities, whose common anatomical
landmarks can be in an abnormal position or might be not easily
recognizable. The system is particularly useful in these very cases,
because the preoperative study, made on the computer, allows an

optimal planning in a surgical field otherwise difficult. Another
important aspect is the possibility to study preoperatively the diameter
and the length of the screws. In this way the surgeon can exploit all the
space available in the vertebral body, increasing the grip of the screws
and the rigidity of the system. A further advantage is the reduction of
the intraoperative use of fluoroscopy, with benefits both for the patient
and the surgical staff.

Disadvantages of this technique are: the wide exposition of the
anatomical structures for the placement of the tubular guides (also
necessary for the placement of the landmark for neuronavigation, so it
is comparable to the latter) and the time needed between the approval
of the plan and the printing of the guides (about 20 days). So this
solution is not suitable in cases of emergency surgery and in cases of
percutaneous screw placement, but only with the open technique.

Conclusions
The 3D tubular guides system for pedicle screw placement is a new

method that seems to considerably reduce the rate of screw
misplacement. There are risks indeed, mainly related to the
preoperative planning made by the surgeon. In relation to this, it has
to be underlined that this system’s aim is not to make spine surgery
easy for everyone and to simplify the technique for the non-experts.
The system rather requires the surgeon to have a good experience in
screw placement with the “classic” technique. This competence allows
indeed both to perform an adequate and optimal planning, and to
overtake some “debacles” of the system.

Although there are minimal disadvantages, if a future
implementation of new features will lead to guides requiring a less
extensive exposure of the anatomical structures, this system could be a
good alternative to neuronavigation techniques for the assisted
placement of pedicle screws in the thoraco-lumbar spine, with a
considerably inferior margin of error.
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